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Purpose:  Upon the completion of this lesson, the student will be able to contrast p and s earthquake waves and explain how earthquake waves are important in determining the interior layers of a planet.

Background: When an earthquake occurs, p and s waves are released.  P waves are compression waves that move more quickly than s, shearing waves.  Scientists use the changes in wave speed and the disappearance of s waves in certain places to understand the layers of the interior of the Earth.  In combination with meteorite composition data and calculations about the size, shape, and density of a planet, earthquake waves help scientists to more precisely determine the boundaries between the different layers of the Earth.  They have found that the Earth consists of a crust, mantle, inner core, and outer core.  On Mars, scientists use similar techniques to try to determine the internal structure, however, they do not have seismometers on the surface to provide earthquake wave data and confirm their predictions.

Student Background: This lesson is designed to be an introductory lesson for earthquake waves, but any prior student knowledge about earthquakes will be helpful.   Students should also understand that Mars is similar to Earth in land area, crustal composition, and surface features.  Humans have not traveled to Mars, but instead they learn about Mars through remote sensing technology.

3) Preparation:  Students will need: three slinkies (two plastic and one metal), string or tape, metric ruler, calculator (optional), colored pencils or pens, and student data sheet.  For this activity, students should work in cooperative groups of four students.  This lesson should require 70 minutes.

1) Procedure: 

2) Student groups of four should read and discuss the article and brainstorming questions about the World’s Deepest Hole.

3) Student groups of four can use the data sheet to record information about p and s waves.  This section can also be done as a demonstration with volunteer students.

4) Students should individually read and complete the Interior of the Earth and Mars reading passage.

5) Students should complete the Layers of the Earth and Mars scale model either individually or in pairs.

6) As a summary, teachers can lead a short discussion with the students reviewing the main concepts of waves and how they are important to learning about the layers of the Earth.

State/National Education Standards:

National Benchmarks for Science Standards: By the end of eighth grade, students should know that:

.4. The Physical Setting, A: The Universe: Nine planets of very different size, composition, and surface features move around the sun in nearly circular orbits.  Some planets have a great variety of moons and even flat rings of rock and ice particles orbiting around them.  Some of these planets and moons show evidence of geologic activity. The earth is orbited by one moon, many artificial satellites, and other debris. 

4. The Physical Setting B: The Earth: The earth is mostly rock. Three-fourths of its surface is covered by a relatively thin layer of water (some of it frozen), and the entire planet is surrounded by a relatively thin blanket of air. It is the only body in the solar system that appears able to support life. The other planets have compositions and conditions very different from the Earth's. 

Maryland Core Learning Goals:

2.8.6 explain how Earth’s crustal plates are influenced by activity in the mantle and core to produce major geologic events (i.e., mountain building, earthquakes, volcanic eruptions, ocean basin formation, sea-floor spreading, and sub-duction). (MLO 2.3)

Lesson Plan: (This lesson should require 70 minutes)

Engagement:  What would happen if you tried to dig a hole to the center of the Earth? (5 minutes)

Exploration:  Earthquake wave lab with slinkies  (20 minutes)

Explanation:  The Interior of Earth and Mars reading passage (15 minutes)

Extension:  Scale models of Earth and Mars (25 minutes)

Evaluation:  Teacher summary through discussion and individual student observation of how scientists determine the different layers of the Earth and Mars. (5 minutes)

Resources:

American Association for the Advancement of Science: Project  2061.  Benchmarks of Science Literacy.  1993. As Found at: http://www.project2061.org/tools/benchol/bolintro.htm
Folkner, Dr. William.   Mars Pathfinder October 8, 1997 Press Conference Images. http://mars.jpl.nasa.gov/MPF/ops/folkner92.html
4) Lemoine, Frank.  Personal Interview: July 19, 2001 NASA: Goddard Space Flight Center.

Maryland State Content Standards: Science.  2000.  As found at: http://www.mdk12.org/mspp/standards/science/index.html
“The World's Deepest Hole” Edited from an article by Larry Gedney. Alaska Science Forum, Article #725, July 15, 1985.  http://www.gi.alaska.edu/ScienceForum/ASF7/725.html
USGS Inside of the Earth.  http://pubs.usgs.gov/publications/text/inside.html

How Many Air Miles?  Travel Notes: http://www.travelnotes.org/Air.htm
Discuss the following question with the members of your group:

What would happen if you tried to dig a hole to the center of the Earth?

After you have discussed this question, read the article below.

The World's Deepest Hole

Edited from an article by Larry Gedney

Alaska Science Forum, Article #725, July 15, 1985

http://www.gi.alaska.edu/ScienceForum/ASF7/725.html

This article is provided as a public service by the Geophysical Institute, University of Alaska Fairbanks, in cooperation with the UAF research community. Larry Gedney is a seismologist at the Institute.

On Russia's Kola Peninsula, near the Norwegian border at about the same latitude as Prudhoe Bay, the Soviets have been drilling a well since 1970. It is now over 40,000 feet (12 km) deep, making it the deepest hole on earth (the previous record holder was the Bertha Rogers well in Oklahoma--a gas well stopped at

32,000 feet (9750 m) when it struck molten sulfur).

It is not oil or gas that is being sought with the Kola well, but an understanding of the nature of the earth's crust. The United States began a similar investigation, called Project Mohole, in 1961. This project, which was intended to penetrate the shallow crust under the Pacific Ocean off Mexico, was abandoned in 1966

because of lack of funding.

It's possible to draw a reasonable cross section of the earth based purely on remote geophysical (largely seismic) methods, but unless on-the-spot checks can be made, there will always be a certain amount of guesswork involved. Digging down to take a look compares with studies made from the surface in the way that exploratory surgery compares with taking an X-ray.

There is now no reasonable doubt that over the continental areas of the world the earth's crust is about 20 miles (32 km) thick, but it is only about one-fifth that in the oceanic areas. In both cases, the crust overlies a mantle which can be detected because it transmits seismic waves at a distinctly higher velocity than does the crust, although there are also velocity variations within the crust itself.

The Kola well has now penetrated about halfway through the crust of the Baltic continental shield, exposing rocks 2.7 billion years old at the bottom (for comparison, the Vishnu schist at the bottom of the Grand Canyon dates to about 2 billion years--the earth itself is about 4.6 billion years old).  In order to get their single drill hole down as far as they did, the Soviets had to resort to experimental methods.  So the technology to dig into the center of the Earth has not yet been invented.

Think about the following questions:

What layer of the Earth has the deepest hole reached?

The center of the Earth is about 6400 km deep.  This is the same distance from New York City to Berlin, Germany.  How close are we?
Is hole digging an effective way for scientists to understand the interior of the Earth?

Earthquake Waves and the Structure of Planets
Problem:  How does information from earthquake waves help scientists understand the interior of the Earth?

Prediction:

____________________________________________________________________________________________________________________________________________________________________________________

5) Materials:  
three slinkies (either two plastic and one metal)

A metric ruler



colored pencils or pens




String or tape

Procedure:  

1) While you hold one end of the slinky have your partner stretch the slinky across the floor.  

2) Create p waves (compressional waves) by tightly gathering ten coils of the slinky into your hand and releasing the coil.  Draw your results showing the movement of the wave through the slinky in the table below.

6) Create s waves (shearing waves) by carefully moving one end of the slinky to the left and back to the center. Draw your results showing the movement of the wave through the slinky in the table below.

7) After you have drawn both types of waves, have two other group members stretch the second slinky across the floor so that it is at an equal length to yours.  Create a p wave while the other group creates an s wave.  Watch both waves travel down to the end of the slinky, and record which wave moves faster or slower in the table below.

8) Have one member of your group of four pull in several coils of one slinky so that both slinkys are the same length, but one slinky is pulled tighter than that other.  

9) Create one p wave on each slinky, and watch to see which p wave moves more quickly to the end of the slinky.  Record your results in the table below.

10) Create one s wave on each slinky, and watch to see which s wave moves more quickly to the end of the slinky.  Record your results in the table below.

11) Use string or tape, attach the end of the metal slinky to one end of the plastic slinky.  Create p and s waves once again and record your results below.

Results:

A Comparison of P and S Waves


P Waves
S Waves

Description



Drawing



Comparison of Speed of P and S Waves



Comparison of Speed in Different Densities



Description of the Waves in between the plastic and metal Slinkies



Analysis:  Answer the following questions using complete sentences.

1) Contrast the movement of P and S waves in the slinky? ________________________________________________________________________________________________________________________________________________________________________

2) How did the density of the slinky affect the speed of the waves? ________________________________________________________________________________________________________________________________________________________________________

3) What happened to the wave when it reached the boundary between the plastic and metal slinkies? ________________________________________________________________________________________________________________________________________________________________________

Conclusion: Communicate your findings in writing using complete sentences.  Remember to include the problem you were investigating, the results of your investigation, and the accuracy of your predictions. ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The Interior of the Earth and Mars

Before you read, predict if each the following statements are true or false.

1)
True or False: The interior of both Earth and Mars are divided into layers.

2) True or False: Scientists investigate the Earth by digging a hole into the ground to observe the layers.

3) True or False: Meteors and Earthquake waves help scientists understand the layers of the Earth.

4) True or False: Scientists learn about the layers of Mars the same way scientists learn about the layers of the Earth.

Because the Earth is so large, it is impossible to be able to see into the center of the Earth or to dig a hole through to the other side.  Therefore, scientists that study the inside of the Earth have to use different approaches to understand how the Earth is made.  Earthquake waves are one of three important tools that scientists use to study the interior of the Earth.  


In order to understand the interior of the Earth, scientists look at meteorites, the size, shape, and density of the Earth, and earthquake waves to find out what materials the Earth is made from and to understand how those materials are put together.  The upper crust of the Earth is easy to analyze, because it is where we live.  However, meteorites are important to understanding the layers below the crust.  Scientists believe that meteors are smaller parts of larger objects from the early solar system that were later broken.  Because they are pieces of the early solar system, they represent the types of materials that made up the Earth and other planets. Through observations of the Earth and calculations, scientists are able to determine the size, shape, and density of the Earth.  Scientists know that the interior of the Earth is more dense than the crust, because the average density of the Earth is larger than the density of the crust.  With those measurements, scientists are able to use math and experiments to predict possible boundaries for the different layers of the Earth.


Earthquake waves are important, because they allow scientists to determine more precisely where the different layers exist.  Scientists are able to track and record the movement of earthquake waves from different stations around the Earth.  When an earthquake occurs, waves travel throughout the Earth in all directions.  Scientists measure the time it takes for the waves to reach different stations around the Earth in order to find out how the wave traveled from the earthquake site.  Based on changes in the speed of the wave and the path that it traveled, scientists can determine changes in the material the wave moved through.  These changes allow scientists to see where the Earth is divided into different types of material or layers.  Scientists have also found that certain stations do not receive the S waves from an earthquake.  Since S waves cannot travel through liquid, scientists have determined that the outer core of the Earth is made of liquid.  Based on the speed and behavior of the P and S waves, scientists have determined measurements for each of the layers of the Earth.


When scientists investigate the interior of Mars, they also use meteorites and the size, shape, and density of Mars to predict possible boundaries for the different layers of Mars.  However, it is difficult for scientists to determine clear boundaries for the layers, because they have not successfully placed seismometers on Mars to collect earthquake data.  Therefore, scientists are exploring other ways that they may be able to determine the layers of Mars.

After you have read, use the text to determine if the following statements are true or false.  Support your answer with complete sentences using information from the text.

1) True or False: The interiors of both Earth and Mars are divided into layers. ________________________________________________________________________________________________________________________________________________________________________

2) True or False: Scientists investigate the Earth by digging a hole into the ground to observe the layers. ________________________________________________________________________________________________________________________________________________________________________

3) True or False: Meteors and Earthquake waves help scientists understand the layers of the Earth. ________________________________________________________________________________________________________________________________________________________________________

4) True or False: Scientists learn about the layers of Mars the same way scientists learn about the layers of the Earth. ________________________________________________________________________________________________________________________________________________________________________

The Layers of the Earth and Mars


Scientists use meteorites, the size, shape, and density of the planet, and evidence from Earthquake waves to find that planets are made of many different layers.  Use the table below to create a scale drawing of the layers of Earth and Mars.

The Layers of the Earth

Layer
Size of the Layer
Depth of the Bottom of the Layer from Surface
Scaled Depth of the Bottom of the Layer from the Surface

(1 cm=500 km)

Crust
5-40 km



Mantle
2900 km



Outer Core
2200 km



Inner Core
1250 km



Once you have completed the table, follow the steps below to create a model.

· Draw each layer of the Earth using the scaled depth of the layer from the surface.

· Color and label each layer and indicate the size of each layer.

· Title the diagram and indicate the scale used.

· The pressure, temperature, and density inside of the Earth increases as the depth is deeper from the surface.  Draw and label an arrow showing pressure, temperature, and density.



The Layers of the Mars

Layer
Size of the Layer
Depth of the Bottom of the Layer from Surface
Scaled Depth of the Bottom of the Layer from the Surface

(1 cm=500 km)

Crust
28-70 km



Mantle
1330-2072 km

??

Core
1300-2000 km
3400 km


· Once you have completed the table, follow the steps below to create a model.

· Draw the crust, the mantle, and the core of the Mars using the scaled depth of the layer from the surface.  On the top half of the box show the mantle size of 2072 km and the core size of 1300 km.  On the bottom half of the box use the mantle size of 1330 km and the core size of 2000 km.
· Color and label each layer and indicate the size of each layer.

· Title the diagram and indicate the scale used.

__________________________________________________________________________________________


1) Compare the size of the Earth to the size of Mars. ________________________________________________________________________________________________________________________________________________________________________

2) Compare the thickness of the Earth’s crust to the thickness of Mars’ crust. ________________________________________________________________________________________________________________________________________________________________________

3) Why is there a range of sizes for the mantle and core of Mars? ________________________________________________________________________________________________________________________________________________________________________
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 Teacher Key

A Comparison of P and S Waves


P Waves
S Waves

Description
P waves are compressional waves.


S waves are shearing waves.

Drawing



Comparison of Speed of P and S Waves
P waves move faster than S waves.
S waves move slower than P waves.

Comparison of Speed in Different Densities
P waves move faster at greater densities.
S waves move faster at greater densities.

Description of the Waves in between the plastic and metal Slinkies
At the boundary, the P waves change and some will be reflected and some will continue through the boundary.
At the boundary, the S waves change and some will be reflected and some will continue through the boundary.

1) P and S waves cause different movements in the slinky.  P waves travel down the slinky causing it to compress and retract while S waves cause the slinky to move from side to side.

2) The waves moved faster when the slinky had a greater density.

3) When a wave reached the boundary between the two types of slinkies part of the wave passes through the boundary and part of the wave is reflected back.

The Interior of the Earth and Mars

1) True, Scientists have found that the interior of Earth and Mars are divided into layers based on meteorites, and the size, shape, and density of the planets.

2) False, Scientists cannot investigate the Earth by digging a hole into the ground to observe the layers, because the Earth is much to large.  Also, as you dig deeper into the Earth the temperature and pressure increases.  The deepest hole that has been dug is 12 km, which is a very short distance compared to the depth of 6400 km to the center of the Earth..

3) True, Meteors and Earthquake waves are two clues that help scientists understand the layers of the Earth. 

4) True, Scientists learn about the layers of Mars the same way scientists learn about the layers of the Earth because they use meteorites and the size, shape, and density of the planets in both cases.


-or-


False, Scientists do not learn about the layers of Mars the same way scientists learn about the layers of the Earth, because scientists are not able to measure earthquake waves on Mars. 

The Layers of the Earth

Layer
Size of the Layer
Depth of the Bottom of the Layer from Surface
Scaled Depth of the Bottom of the Layer from the Surface

(1 cm=500 km)

Crust
5-40 km
5-40 km
0.08 cm

Mantle
2900 km
2940 km
5.9 cm

Outer Core
2600 km
5140 km
10.3 cm

Inner Core
1260 km
6400 km
12.8 cm

The Layers of the Mars

Layer
Size of the Layer
Depth of the Bottom of the Layer from Surface
Scaled Depth of the Bottom of the Layer from the Surface

(1 cm=500 km)

Crust
28-70 km
28-70 km
0.14 cm

Mantle
1330-2072 km:
1358-2142 km
2.2-4.3 cm

Core
1300-2000 km
3400 km
6.8 cm

1)
Mars is much smaller than Earth.  Mars is slightly larger than half of Earth’s size. 

2)
The crust of Mars is thicker than the crust of Earth. 

3)
There is a large range in possible sizes for the crust and the mantle, because scientists do not have seismometers to measure earthquake wave data on Mars.  Scientists have been able to use information from meteors, and the size, shape, and density of the planet to determine a possible thickness for the mantle and the core.  However, they are not able to confirm the location of the boundaries without wave data.

